Using literature data on solubilities, equations have been constructed for the correlation of 
Introduction
The solubility of liquid and solid compounds in octan-1-ol has attracted considerable attention, no doubt due to its importance in environmental and medicinal research. Solubility in octanol is one of the physico-chemical properties that are of importance for modeling the transport and fate of chemicals in the environment (Li et al., 2003) and has been suggested as an indicator of storage capacity in natural lipids (Anliker and Moser 1987) . Not surprisingly, there have been a number of methods put forward for the correlation and prediction of octanol solubility of liquids and solids (Li, Pinsuwan and Yalkowsky, 1995; Sepassi and Yalkowsky, 2006; Admire and Yalkowsky, 2013; Raevsky and Schaper, 2008; Raevsky, Perlovich and Schaper, 2007) . It is important to note that all this work refers to dry octanol; it is well-known that solubilities in wet (water-saturated) octanol and dry octanol are not the same (Bernazzani, Cabani, Conti and Mollica, 1995; Kristl and Vesnaver, 1995; Martínez and Gómez, 2001) , possibly because the microscopic structure of wet and dry octanol are not the same (Chen and Siepmann, 2006) .
Two extraordinarily simple equations have been constructed (Admire and Yalkowsky, 2013) for the correlation of solubilities in octanol, as log Soct(mol/L) and log Soct(g/L):
Log Soct(mol/L) = 0.50 -0.01 (mp-25) (1) N = 223, SD = 0.71
Log Soct(g/L) = 2.70 -0.01 (mp-25) (2) N = 223, SD = 0.67
In eq.
(1) and eq (2), the compound melting point, mp, is in o C; for liquids it is taken as 25, so that the term (mp-25) is zero. N is the number of data points, that is the number of compounds, and SD is the standard deviation (calculated in this work). Other statistics that we shall use are R the correlation coefficient, F the F-statistic, and the leave-one-out Q 2 . Rather more complicated equations, eq (3) and eq (4), were proposed (Raevsky, Perlovich and Schaper, 2007) but lead to statistics no better than the simple equation, eq (1). The descriptors used in eq. (3) and eq (4) are α the compound molecular polarizability, ΣCa the overall hydrogen bond basicity (hydrogen bond acceptor) and ΣCd the overall hydrogen bond acidity (hydrogen bond donor).
Log Soct(mol/L) = 0.45 -0.027 α -0.22 ΣCa + 0.09 ΣCd (3) compounds) as similar as possible to the given compound is selected. Then the solubility of the given compound is calculated from the similar compound (pen) through eq (5). Unfortunately, the presented statistics for eq (5) were only those for solubilities calculated from the 'best predictors' that is for 158 compounds out of the 218 compounds fitted by eq. (3) and eq (4). Even so, results from eq (5) do not seem to be significantly better than those from the very simple eq (1) and so an additional melting point descriptor was added, leading to eq (6). Now the statistics are markedly better, although they still refer to the "best" 158 compounds out of 218.
Log Soct(mol/L) = Log Soct(mol/L) pen -0.062 (α -α pen ) -0.14 (ΣCd -ΣCd pen ) (6) might be as good as it is possible to obtain. Our aim in this work was to ascertain if moderately simple equations on the lines of eq.(3) and eq (4) could lead to SD values in the range 0.4-0.5, and hence avoid the rather complicated similarity analysis, and to investigate if other indirect methods for estimating octanol solubility would result in similar, or better, statistics.
Results and discussion
As a starting point we use the same linear free energy relationship, eq. (7), that we have previously employed (Abraham, 1993; Abraham, Ibrahim and Zissimos, 2004; Abraham, Smith, Luchtefeld, Boorem, Luo, and Acree, Jr, 2010) Log SP = c + e. E + s. S + a. A + b. B + v. V
In eq. (7), log SP, the dependent variable, is a property of a series of solutes in a given system. In the present case SP will be the octanol solubility for a series of solutes. The independent variables in eq. (7) are descriptors of the solutes. In brief, E is the solute excess molar refractivity in units of (cm 3 mol -1 )/10, S is the solute dipolarity / polarizability, A and B are the overall or summation hydrogen bond acidity and basicity and V is the McGowan volume in units of (cm 3 mol -1 )/100.
We first applied eq (7) to the data sets previously used (Admire and Yalkowsky, 2013; Raevsky, Perlovich and Schaper, 2007) . In our previous work on solubility in water (Abraham and Le, 1999) we found that eq (7) gave disappointing results unless a descriptor (A*B) that dealt with solute-solute interactions within the bulk liquid or solid was included. Similarly, we now found that the inclusion of the descriptor (A*B) yielded much better correlations. The obtained equations for the Admire data set are given as eq. (8) and eq (9) and for the Raevsky data set are given as eq (10) and eq (11). The term s · S in Eqs. (8) and (9) was not statistically significant and was omitted.
There is quite a difference between the coefficients in the Admire and the Raevsky equations. This is probably due to the two sets of compounds occupying somewhat different property spaces. Thus the average value of B in the Admire set is 0.65 and the average value in the Raevsky set is 0.80.
The very useful statistic, PSD, the predicted standard deviation is obtained from the leave-one-out Finally, we combine the two data sets, together with some additional compounds taken from the literature (Alexander et al., 1977; Gharavi et al, 1983; Martin, Wu and Beerbower, 1984; Niimi, 1991; Pinsuwan, Li and Yalkowsky, 1995; Bernazzani et al., 1995; Kristl and Vesnaver, 1995; Bustamante, Pena and Barra, 1998; Martinez and Gomez, 2001; Avila and Martínez, 2002; Perlovich et al., 2003 Perlovich et al., , 2010 Perlovich et al., , 2011 Ran et al., 2002; Sepassi and Yalkowsky, 2006; Quingzhu et al., 2007 Quingzhu et al., , 2008 Thimmasetty et al, 2008) or from our own previous work (Fletcher et al., 1998; Hoover et al., 2004 Hoover et al., , 2005a Hoover et al., , 2005b Hoover et al., , 2006 Charlton et al., 2005; Stovall et al., 2005a Stovall et al., , 2005b Flanagan et al., 2006a Flanagan et al., , 2006b Holley et al., 2011; Ye et al., 2011; Stephens et al., 2012; Wilson et al., 2012; Bowen et al., 2013) . For most of the common compounds in the Admire and Raevsky data sets, the listed log Soct(mol/L) values were the same. In a few cases where they differed, we took the average. The resulting equations are given as eq (12) and eq (13); Mirex was a wild outlier to eq (13), though not to eq (12), and was excluded from both. The entire data set of compounds that we used is in Table 1 , together with the compound descriptors. Table 1 For the Yalkowsky data set, the statistics for eq (9) are markedly better than those for eq (1), so that if the necessary descriptors are available, eq (9) is preferred. It is not so easy to compare eq (10) and eq (11) with equations given by Raevsky, because the preferred equations (Raevsky, Perlovich and Schaper, 2007) refer only to the best subset (158 compounds) out of the total of 218 compounds. Bearing this in mind, results from eq (10) and eq (11) are at least as good as those from the much more complicated similarity method (see Fig. 1 ).
For the combined (total) data set, both eq (12) and eq (13) 
We have established (Abraham, Le, Acree, 1999) It is possible to interpret eq. (13) and, especially, eq. (12) in terms of the structural factors that influence solubility in dry octanol. However, it should be noted that solubility depends on two sets of interactions -those within the liquid or solid compound that will tend to reduce solubility, and those between the compound and the octanol solvent that will tend to increase solubility. It is useful to compare our equations for solubility in octanol with those for solubility in water (Le, 2001) , eq. The eE term in both eq. (12) and eq. (19) is negative, suggesting that dispersive interactions in the liquid or solid reduce solubility. The sS term is rather small in both eq. (12) and eq. (19); that in eq.
(12) is negative so that dipole-dipole interactions in the liquid or solid are greater than dipole
interactions are much larger, leading to a positive sS term for solubility in water. The effect of compound hydrogen bond acidity is not straight forward, because increase in A increases solubility in both octanol and in water through the aA term, but decreases solubility through the A*B term.
The effect of hydrogen bond basicity is much clearer; solubility in water is greatly enhanced by increase in B, but solubility in octanol is slightly decreased. Water is a much stronger hydrogen bond acid than is octanol and so compound (base)-water (acid) interactions are dominant. The effect of compound volume is very interesting. Increase in volume slightly increases solubility in octanol but greatly reduces solubility in water. These volume effects are resultants of general dispersion interactions that increase solubility in octanol (greatly) and increase solubility in water (to a less extent) and the work needed to create a cavity that decreases solubility in octanol ( to a less extent) and decreases solubility in water (greatly).
Conclusions
The equations eq. (6) and eq. (13) (13) is much simpler than that of eq. (6), and eq (13) Fletcher et al., 1998; Hoover et al., 2004 Hoover et al., , 2005a Hoover et al., , 2005b Hoover et al., , 2006 Charlton et al., 2005; 9 Stovall et al., 2005a 9 Stovall et al., , 2005b Flanagan et al., 2006a Flanagan et al., , 2006b Holley et al., 2011; Ye et 10 al., 2011; Stephens et al., 2012; Wilson et al., 2012; Bowen et al., 2013 
